Thyroid hormones have diverse effects on ovarian function. We examined the expression of thyroid hormone receptor (TR) mRNAs (including TRα-1, TRβ-1, TRβ-2, and c-erbAα-2 isoforms) in three types of cells from human follicles, and determined the concentration of free tri-iodothyronine (T 3 ) present in human follicular fluid. Human failed-fertilized oocytes, granulosa (GC) and cumulus (CC) cells from patients of the in-vitro fertilization (IVF) programme at Alliant Hospital Fertility Center were used to detect TR mRNA expression using reverse transcription-polymerase chain reaction (RT-PCR) followed by Southern blot analysis. Human spermatozoa were also analysed to determine whether results obtained with CC would be affected by the presence of spermatozoa. β-Actin mRNA was amplified in each cell type as a positive control for the RT-PCR. Our results show that human oocytes express TRα-1, TRβ-1, TRβ-2, and c-erbAα-2 mRNAs and that these same isoforms are expressed in both human granulosa cells and cumulus cells. No differences were detected in the apparent amounts of RT-PCR products when comparing GC with CC, suggesting a similar pattern of expression of these RNAs. β-actin mRNA was detected in spermatozoa, but TRα-1 expression was not detectable. The concentrations of free T 3 measured in follicular fluid were similar to, or slightly below, those in serum of euthyroid patients. These data demonstrated that several isoforms of TR mRNA are expressed in the human oocyte, and hence thyroid hormone may have direct affects on the oocyte, as well as on GC and CC. In addition thyroid hormone may have indirect effects on the oocytes via the CC.
Introduction
development of polycystic ovary syndrome as a possible consequence of severe hypothyroidism in either adults or Development of a mature oocyte is a prolonged process. At young girls (Van Voorhis et al., 1994) , although the molecular the time of birth, oocytes are arrested in meiotic prophase I mechanism is not understood. Conversely, T 3 administration (PI), and remain arrested during growth and development of enhances the effectiveness of clomiphine for induction of the antral follicle. Shortly before ovulation meiosis resumes ovulation in amenorrhoea (Maruo et al., 1992) . Consistent and germinal vesicle breakdown occurs. At ovulation, the with this, screening of infertile women indicates that thyroid oocyte has produced the first polar body, and has become function testing can be useful for characterizing the subset of arrested in metaphase of the second meiotic division (MII).
infertile women with ovulatory dysfunction (Shalev et al. , At this time gene transcription ceases such that the oocyte and 1994). Furthermore, T 3 has been shown to stimulate human preimplantation embryo are dependent on maternal mRNAs granulosa cell (GC) proliferation, and to synergize with human and proteins for regulation of cell division. In humans, mRNA chorionic gonadotrophin (HCG) in vitro (Goldman et al., synthesis resumes around the 6-cell stage of the preimplantation 1993). T 3 synergizes with follicle stimulating hormone (FSH) embryo (Telford et al., 1990) .
to induce differentiation of GC from porcine follicles (Maruo Numerous endocrine, paracrine, and autocrine factors reguet al., 1987) . Defining the molecular mechanisms by which late ovarian follicle development, and ovulation. The gonad-T 3 could affect maturation of the COC or ovulation would be otrophins and other signalling pathways such as steroids, useful both for diagnosis, and to define appropriate conditions activins, inhibin, growth factors, and prostaglandins regulate for in-vitro fertilization (IVF) and embryo transfer. expression of specific genes in different follicular cell types T 3 regulates gene expression largely through a family of (Richards, 1994) . Thyroid hormones have numerous critical nuclear thyroid hormone receptors (TR). The human TRα effects on development in vertebrates, most notably, they are gene is located on chromosome 17, and the TRβ gene is on necessary for normal development of the brain in the fetus chromosome 3. Mammals express three different receptor (Porterfield and Hendrich, 1993) . Tri-iodothyronine (T 3 ) may isoforms; TRα-1, TRβ-1, and TRβ-2, each of which is able also be important for ovarian follicle development, and maturato mediate a response to T 3 by regulating transcription of tion of the cumulus-oocyte complex (COC). Hypothyroidism target genes. In addition, c-erbAα-2 is an alternatively spliced product of the TRα gene which cannot function as a TR, but can disrupt normal ovarian function, as indicated by the EDTA, further washed with DMEM and phosphate-buffered saline when very highly expressed acts as a ligand-independent (PBS) by centrifugation at 900 g for 5 min, counted with a haemocytoinhibitor of thyroid hormone action (Koenig et al., 1989) .
meter, centrifuged and resuspended in lysis buffer.
Each TR mRNA isoform is expressed in a tissue-specific
The developmental stages of the oocytes were evaluated by their manner, and the level of expression is regulated during appearance under the microscope. Oocytes which exhibited breakdown development (Hodin et al., 1990) . T 3 responsiveness of the of the germinal vesicle within 40 h after aspiration were judged to developing brain is related to increased expression of TRβ be mature. Otherwise, they were classified as immature oocytes. (Strait et al., 1990) , and the absence of certain T 3 responses Oocytes that either fragmented or displayed darkened cytoplasm were in the adult brain has been suggested to be due to a high level excluded from this study. All oocytes were inseminated 8 h after of expression of the inhibitor c-erbAα-2 (Lazar, 1993).
retrieval by addition of 1-3ϫ10 6 motile spermatozoa to the COC Maturation of the oocyte involves complex interactions maintained in 1 ml of human tubal fluid medium. A total of 37 oocytes from 12 patients failed to fertilize in vitro (as judged by the between the oocyte and cumulus cells (CC), which directly absence of a visible pronucleus within 40 h after in-vitro insemination) surround the oocyte of antral follicles. Transition to an ovulatand were utilized in this study.
ory follicle involves expansion of the CC, and meiotic maturaThe CC were obtained after mechanical separation from all oocytes tion of the oocyte. The CCs are distinct from mural granulosa~2 4 h after retrieval of the COC, and transferred to a test tube with cells. CCs have different levels of progesterone secretion, DMEM supplemented with FCS and penicillin G/streptomycin. The different responses to gonadotrophin (Dirnfeld et al., 1993;  CC samples always contained some spermatozoa, at an approximate Goldman et al., 1993) , and differ in the expression of specific ratio of 1:2 (cumulus cells:spermatozoa). The cells were washed once mRNAs, in comparison with the mural granulosa cells with DMEM and twice with PBS, and counted as for the mural GC. (Braw-Tal, 1994) . Given the important role thyroid hormones play in development, and the potential influence on ovulation,
Sperm preparation
we believed it to be important to examine whether they could Sperm were obtained from the husbands of IVF patients at Alliant have direct effects on the CC or the oocyte. Two TR isoforms, Health System, with consent, and centrifuged through Percoll. Spermatozoa were washed three times with PBS by centrifugation at 900 g TRα-1 and TRβ-1, have been detected in human mural for 5 min, and an aliquot was diluted 1:4 (spermatozoa:Trypan Blue granulosa cells (Wakim et al., 1993 we examined the expression of TRα-1, TRβ-1, TRβ-2, and c-erbAα-2 mRNAs in human failed-fertilized mature and Total RNA preparation immature oocytes, and compared the expression of these Total RNA was prepared according to the method of Kawasaki mRNAs in CC and GC, using reverse transcription-polymerase (1990) . Failed-fertilized oocytes, CC, mural GC, and spermatozoa chain reaction (RT-PCR) and Southern blot analysis. We find were lysed with lysis buffer containing 140 mM NaCl, 1.5 mM that both oocytes and CC express TR mRNAs, and that MgCl, 10 mM NaH 2 PO 4 , and 0.02% fresh diethyl pyrocarbonate follicular fluid contains variable but significant levels of free (DEPC) (Sigma Chemical Co). With a low cell number, DEPC T 3 . We conclude that T 3 could have direct effects on the oocyte effectively inactivates RNases. After removing the nuclei by centrifugation (16 000 g, 10 s), the lysate supernatant was incubated at 37°C and the CC.
for 20 min, then placed in a 90°C water bath for 10 min with loose caps, to allow the degraded DEPC gases to evaporate. The total RNA was used immediately for RT-PCR.
Materials and methods

Oocyte and granulosa cell collection RT-PCR amplification
Total RNA from the oocytes, granulosa cells and spermatozoa was Human oocytes and both cumulus and mural granulosa cells were obtained from patients who participated in the IVF programme at annealed for 15 min at 65°C with 2.5 µg random primer (Promega, Madison, WI, USA) and reverse transcribed into complementary Alliant Health System, Louisville, KY, USA, with their consent. All procedures were approved by the University of Louisville Human DNA (cDNA) using 100 IU SuperScript II RT (Gibco BRL) in RT buffer [50 mM Tris-HCl (pH 8.3), 65 mM KCl, 3 mM MgCl 2 ] Studies Committee. All the patients received controlled ovarian stimulation using leuprolide acetate down-regulation combined with (Gibco BRL), 0.02 mM dithiothreitol (DTT), and 0.25 mM dNTP (Pharmacia Biotech, Piscataway, NJ, USA) for each 100 µl RT Pergonal and/or Metrodin (Serono Lab., Norwell, MA, USA). Follicular growth was monitored by ultrasound. HCG was administered reaction. The reaction mixtures were incubated at 42°C for 60 min. PCR reactions were performed with cDNA equivalent to 0.5-1.0 when at least two follicles had reached 17 mm in diameter. After 34 h, COCs were retrieved using ultrasound-guided aspiration.
oocytes, 5000 cumulus or mural granulosa cells, or 10 000-100 000 spermatozoa in 50 µl reaction mixture, containing PCR buffer [10 Follicular cells which were not associated with the COC were classified as mural GC. The mural GC were collected from 14 patients mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl, and 0.001% (W/V) gelatin], 10 mM dNTP, 1.25 IU Taq DNA polymerase (Perkin Elmer, on the day of follicular aspiration. After these GC were separated from the majority of the red blood cells by centrifugation (220 g for Branchburg, NJ, USA), and 25 pmol of specific primer sets. After adding Gene Amp PCR wax (Perkin Elmer), the amplification 10 min) in 50% percoll, the cells were plated in Dulbecco's modified Eagle's medium (DMEM) (Gibco BRL, Grand Island, NY, USA), reactions were carried out in a cycling incubator (Barnstead Thermolyne Corporation, Dubuque, IO, USA) for 45 cycles, which included containing 10% fetal calf serum (FCS), 100 IU/ml penicillin G, and 100 ng/ml streptomycin, and incubated in 5% CO 2 at 37°C overnight denaturation at 94°C for 30 s, annealing at 55°C for 45 s, and extension at 72°C for 45 s. The reactions were incubated at 72°C for to allow attachment. After washing with DMEM to remove remaining red blood cells, the GC were detached from the flasks with trypsin/ 3 min for the final extension and held at 4°C. The specific sequences for the primers were derived based on the published TRα-1, TRβ-1, TRβ-2, and c-erbAα-2 sequences (Genbank #X74497; Weinberger et al., 1986; Nakai et al., 1988a,b) Iijima et al., 1985) . PCR amplification of β-actin cDNA yields a 293
TRβ-2 279-301 5Ј TCAGCCTTATACCTGTAGTTACC bp product, whereas amplification of β-actin genomic DNA would yield a 387 bp product (Nakajima-Iijima et al., 1985) . Hence, these PCR oligonucleotides also provide an internal control for genomic sulphate (SDS), and 0.1 mg/ml salmon spermatozoa] at 65°C for 1 h, DNA contamination. Similarly, the TRα-1 primers are located in followed by overnight hybridization at 65°C after adding 2.0ϫ10 6 separate exons (exons 7 and 8), although the size of the intervening c.p.m./ml [ 32 P]-labelled probes. Membranes were washed with 5ϫ intron is not known. SSC/0.5% SDS and 1ϫ SSC/0.1% SDS at 42°C, and autoradiographed Total RNA without reverse transcription was subjected to PCR at -80°C with Kodak Bio-Max film (Eastman Kodak, Rochester, amplification to serve as a negative control to confirm the absence NY, USA). of genomic DNA contamination. Further, some PCR reactions were Human β-actin, TRα-1, TRβ-1, TRβ-2 and c-erbAα-2 (Table IB ) done with only one primer to rule out the possibility of amplification probes were also labelled with the electrochemiluminescent (ECL) due to mispriming during PCR. The cDNAs from mature oocytes 3Ј-oligolabelling and detection system (Amersham International) and and granulosa cells were amplified with TRα-1, TRβ-1, TRβ-2, cused to confirm the identity of the PCR amplicons from granulosa erbAα-2, and β-actin primers. Only β-actin, TRα-1, and c-erbAα-2 cell and sperm cDNA. The labelling and hybridization protocols primers were used for PCR amplification of immature oocyte cDNA followed the manufacturer's recommended procedure. Briefly, 25 pmol due to the limited amount available. β-actin and TRα-1 primers were of oligonucleotide was labelled by mixing with 2.5 µl fluorescein-11-used for amplification of the cDNA from different numbers of dUTP, 4 µl cacodylate buffer, 4 µl terminal transferase, and water to spermatozoa. The experiments were repeated at least three times. The a final volume of 40 µl, and incubated at 37°C for 90 min. The nylon PCR products (amplicons) were electrophoresed on 2% agarose gels membranes were prehybridized for 30 min at 42°C with hybridization with ethidium bromide (EtBr), along with DNA size markers, and buffer according to the manufacturer's directions. Hybridization was photographed under UV light to evaluate the product sizes. Amplified carried out at 42°C for 90 min after adding 5 ng of ECL-labelled cDNAs from oocytes were detected by Southern hybridization since probes. The membranes were washed twice in 5ϫ SSC/0.1 % SDS they were not visible by EtBr-staining.
for 15 min at room temperature and twice with 1ϫ SSC/0.1% SDS for 15 min at 42°C. After blocking the membranes with a 20-fold Southern blot hybridization dilution of liquid block (manufacturer supplied) in Buffer 1 (0.15 M Southern hybridization was used either to detect amplicons from NaCl, and 0.1 M Tris, pH 7.5), the membranes were incubated with oocytes (with 32 P-labelled probes) or to confirm the identity of anti-fluorescein horseradish peroxidase (HRP)-conjugated antibody amplicons from granulosa cells and spermatozoa (with fluoresceindiluted 1000-fold with Buffer 2 (0.4 M NaCl and 0.1 M Tris, pH 7.5) labelled probes). All PCR-amplified products were blotted from for 30 min at room temperature. The membranes were washed with agarose gels to nylon membranes (MSI, Westboro, MA, USA) by Buffer 2, treated with detection reagent (manufacturer supplied), and capillary transfer using 10ϫ SSC (1.5 M NaCl, and 0.15 M Na used to expose Kodak Bio-Max film at room temperature for 2-30 min. citrate, pH 7.0) as a transfer buffer. Oligonucleotide probes (23 bp) designed to hybridize to the centre of each amplicon (Table IB) , were T 3 and T 4 assay labelled with 32 P by polynucleotide kinase and used to detect the PCR amplicons from oocytes. The probes were labelled by adding During oocyte retrieval, follicular fluid was collected by aspiration from the first follicle punctured from one ovary of eight patients. 5ϫ PNK buffer (350 mM Tris-HCl, pH 7.6, 50 mM MgCl 2 , 500 mM KCl, and 5 mM 2-mercaptoethanol) (Gibco BRL, Grand Island, Repeated samples were not taken from the same ovary to avoid dilution of the follicular fluid by the saline solution used to flush out NY, USA), 10 IU of kinase (Gibco BRL), and 16 pmol (80 mCi) [ 32 P]-ATP (Amersham Life Science, Arlington Heights, IL, USA), the first follicle. The follicular fluid sample was placed on ice and centrifuged to pellet any cells. The supernatant was frozen at -70°C for every 15 pmol oligomer. The membranes were prehybridized with Nilson Buffer [6ϫ SSC, 5ϫ Denhardt's reagent, 5% sodium dodecyl for subsequent thyroid hormone analysis. Total thyroxine (T 4 ,), free 
Results
Expression of TR mRNAs in human oocytes
Total RNA was prepared from 37 failed-fertilized human oocytes and reverse transcribed into cDNA using random primers. PCR was performed with specific primer sets for TRα-1, TRβ-1, TRβ-2, c-erbAα-2, and β-actin cDNAs. Since PCR was conducted with cDNA from only one half to a single oocyte, sometimes the amplifications failed to generate a visible product on EtBr-stained agarose gels. Therefore, Southern blot genes appear to be expressed in mature human oocytes. Furthermore, TRα-1 and/or c-erbAα-2 cDNAs were amplified from immature oocytes in 5 experiments. The correct size were established and subjected to PCR. No misprimed amplicons were detected by either agarose gels or Southern amplicons for TRα-1 and c-erbAα-2 cDNA were demonstrated by Southern blot analysis (Figure 2) . The 293 bp human β-blot analyses with these controls (data not shown). actin amplicon was observed by Southern blot hybridization Expression of TR mRNAs in human cumulus and in all experiments shown here, and served as a positive control mural granulosa cells, and spermatozoa for the PCR reactions.
Three different controls were utilized in this study to Mural granulosa cells taken at the time of follicular aspiration from 14 patients were examined for the expression of TR ensure that the TR mRNAs detected were not due to DNA contamination. Firstly, the total RNA without reverse transcripmRNAs using RT-PCR and Southern blot analysis. The correct size RT-PCR products for TRα-1, TRβ-1, TRβ-2, c-erbAα-2, tion (RT-minus) was used as a template for PCR amplification. No PCR amplicons were detected in RT-minus controls ( Figure  and β-actin were observed on ethidium stained agarose gels (Figure 3 ). The identities of these amplicons were confirmed 1B). Secondly, the β-actin primers were located in different exons and hence would amplify a 387 bp product from genomic by Southern analysis with internal oligonucleotide probes ( Figure 4A ). β-actin RT-PCR reactions produced a 293 bp DNA and a 293 bp product from cDNA. A 387 bp amplicon from contaminating genomic DNA was not detected in these product only, indicating that there was no detectable genomic DNA contamination. Hybridization with the β-actin intronexperiments (Figure 2) . Furthermore, to rule out the possibility that amplification was due to mispriming, single oligo controls specific probe also did not detect any amplification of genomic The cumulus granulosa cell samples contained spermatozoa from the insemination. In order to rule out the possibility that the TR mRNA detected was from the spermatozoa present in these samples, different amounts of spermatozoa were subjected to RT-PCR with β-actin and TRα-1 primers. The results showed amplification of a β-actin product from either 10 000 or 100 000 spermatozoa which was visible on the agarose gel, and identified as the expected β-actin amplicon by Southern blot analysis (lanes 1 and 4 of Figure 5A ). However, no TRα-1 amplicons were detected even by Southern blot analysis of RT-PCR from 100 000 spermatozoa (lanes 1 and 4 of Figure  5B ). Since this was at least 10-fold more spermatozoa than were present in the cumulus cell samples, we concluded that the TRα-1 mRNAs detected in cumulus granulosa cells were not due to sperm contamination.
T 3 and T 4 concentrations in follicular fluid
The concentrations of total T 3 , free T 3 and free T 4 in follicular fluid from eight patients are shown in Table II . The data demonstrate that thyroid hormone concentrations in follicular fluid are within the normal ranges for serum in these patients. The free T 3 concentrations varied by more than 2-fold between the patient samples.
Discussion
We have demonstrated the presence of four TR mRNA isoforms (Figures 1 and 2) suggests that the human oligo controls (SC).
oocyte may be directly responsive to T 3 . Hence the effect of T 3 on ovulation (Maruo et al., 1992) may be mediated, in part, DNA. No bands were observed in single-oligo control PCR reactions.
through the oocyte. Several other regulatory factor transcripts have been demonstrated in human oocytes by RT-PCR, The cumulus granulosa cell samples, obtained after~1 day of in-vitro incubation, were also examined by RT-PCR. As including oestrogen receptor, c-mos, and c-raf mRNAs (Wu et al., 1993; Wu and Wolgemuth, 1995) , These regulatory with the mural granulosa cells, the correct size amplicons for TRα-1, TRβ-1, TRβ-2, c-erbAα-2 and β-actin were observed factors may therefore be involved in events such as meiotic maturation of the oocyte, ovulation, and/or initial cell division on agarose gels, and their identities confirmed by Southern analysis ( Figure 4B ). No differences were detected in the RTof the preimplantation embryo.
It is reasonable that the responses of immature oocytes to PCR products from either mural or cumulus granulosa cells. various hormones may be altered during maturation. Heikinheimo et al. (1995) examined c-mos and cyclin B1 mRNAs in both immature (PI), mature (MII), and cultured oocytes, however, no differences were observed. Six immature oocytes (defined by having intact germinal vesicles) from five individuals were available for this study, and were analysed for expression of TRα-1 and c-erbAα-2 mRNAs. A similar level of expression of TRα-1 and c-erbAα-2 transcripts was observed in immature oocytes by Southern blot analysis. Hence, both immature and mature oocytes express this TR mRNA isoform.
Regulation of germinal vesicle breakdown, nuclear maturation, and ovulation is characterized by extensive interactions between the CC and the oocyte. Hence, T 3 may influence the oocyte by actions on the CC. In addition, CC have specific activities or responses distinct from GC. Human CC secrete less progesterone than GC, and progesterone secretion by CC is not stimulated by chorionic gonadotrophin, unlike GC (Dirnfeld et al., 1993) , presumably due to a lower level of steroidogenic enzymes and luteinizing hormone (LH) receptors (Adashi, 1991) . Expression of cell cycle regulatory factors (Wu and Wolgemuth, 1995) and protein hormones (Braw-Tal, 1994) have also been shown to differ between CC and GC. Given the differences between CC and GC, and the important interactions of CC with the oocyte, we investigated whether the CC may be responsive to T 3 , and compared the types of TR mRNA isoforms expressed in CC with those expressed in GC. We found that RT-PCR of CC samples with oligonucleotides specific for each of the TR mRNA isoforms produced the correct size amplicons, and the expected identity was confirmed by Southern blot analysis. Our results demonstrate that TRα-1, TRβ-1, TRβ-2, and c-erbAα-2 mRNA isoforms the possibility that the TR mRNA we detected in CC samples was amplified from spermatozoa, we directly examined sperm mRNAs. Even with a large number (100 000) of spermatozoa we were unable to detect TRα-1 mRNA ( Figure 5 ). As a positive control for RT-PCR of spermatozoa, we were able to detect β-actin mRNA in sperm samples. Hence, the TRα-1 (Goldman et al., 1993) . SimThe presence of free T 3 in follicular fluid and TR mRNAs ilarly, T 3 synergizes with FSH to increase LH receptors and in the human oocyte, CC and GC is similar to the situation with increase progesterone secretion by GC from small porcine oestrogens, and may be relevant to IVF methods. Oestradiol in follicles (Maruo et al., 1992) . Scatchard analysis indicated a human follicular fluid apparently contributes to follicular higher T 3 -binding capacity in porcine GC from small, rather maturation (Andersen, 1993) . Nuclear oestrogen receptor than large, follicles (Maruo et al., 1992) . The isoforms of TR mRNA has been demonstrated in GC, and human oocytes by present in GC have not been fully characterized. Expression RT-PCR (Wu et al., 1993) . Hence, oestradiol may act both of TRα-1 and TRβ-1 has been detected in 35 or 78% on the GC and directly on the oocyte. Similarly, the available respectively, of human GC using fluorescent microscopy and clinical data suggest that T 3 influences ovarian function, and flow cytometry (Wakim et al., 1993) . The GC which did the appropriate receptors are present in both the oocyte, CC, not immunostain with anti-TR antibodies were suggested to and GC. During IVF, COC are retrieved from hormonallyrepresent technical limitations or a sub-population of cells, primed patients. However, some oocytes appear immature at such as CC. In addition, in-situ hybridization with TR antisense the time of retrieval. The expression of ER and TR mRNAs oligonucleotides has demonstrated the presence of TRβ-1 in in the oocyte and GC raises the question of whether addition GC of unstimulated preovulatory follicles (Wakim et al., 1994) .
of hormones, such as T 3 and oestradiol, to the incubation An oligonucleotide for TR mRNA also hybridized to GC cells medium (to concentrations similar to follicular fluid) would (Wakim et al., 1994) ; however, that oligonucleotide does not stimulate maturation of the COC in a more rapid or normal distinguish between TRα-1 and c-erbAα-2 so either or both manner. mRNAs could be present. We have used specific oligonucleotides to investigate which TR mRNAs are expressed in luteinized GC and compared the result with CC. Our results the factors which influence the potential for a successful Lazar, M.A. (1993) Thyroid hormone receptors: multi forms, multiple pregnancy by IVF/embryo transfer. Andersen (1993) found a possibilities. Endocr. Rev., 14, [184] [185] [186] [187] [188] [189] [190] [191] [192] [193] weak correlation of the pregnancy potential of an oocyte with Maruo, T., Hayashi, M., Matsuo, H. et al. (1987) The role of thyroid hormone as biological amplifier of the actions of follicle-stimulating hormone in the the oestradiol:testosterone ratio in that follicle. Our data suggest
